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Abstract

Establishing the rotation curve of the Milky Way on
an absolute scale is one of the fundamental contributions
needed to understand the Galaxy and its mass distribu-
tion. As preparatory work for the “Taking Measure of the
Milky Way” SIM PlanetQuest Key Project, we have un-
dertaken a systematic spectroscopic survey of open star
clusters which can serve as tracers of Galactic disk dy-
namics. We report progress on a sample of 83 from
our 100 clusters for which the Hydra multi-fiber spec-
trographs on the WIYN and Blanco telescopes have de-
livered ~ 1 km s~! radial velocities (RVs) of dozens
of stars per cluster. The RVs are used to derive cluster
membership for individual stars in these crowded fields
and to derive a bulk cluster RV. The clusters selected for
study have a broad spatial distribution in order to be sen-
sitive to the disk velocity field in all Galactic quadrants
and across a Galactocentric radius range as much as 2.5
kpc from the solar circle. These clusters already have
published ages, distances, and metallicity estimates, but
these can be improved once chemical abundances on a
uniform scale are measured from the homogeneous spec-
tra, and once SIM PlanetQuest parallaxes are obtained
for member stars. The new RVs combined with Tycho-2
proper motions (for bright members in each cluster) al-
low an initial investigation of the local disk dynamics,
but this will be substantially improved once SIM Plan-
etQuest proper motions are obtained for these and even
more distant open clusters.

Introduction

The NASA Space Interferometry Mission (SIM Plan-
etQuest) is the first space-based mission designed to ob-
tain high quality proper motions, velocities transverse to
the line of sight, and distances to stars through stellar
parallax using interferometry. This mission will produce
proper motions 1000 times better than its predecessor
the ESA Hipparcos mission. This project is prepara-
tory work for a SIM PlanetQuest key project, headed
by Steven Majewski at the University of Virginia. The
project aims to make use of the satellite’s unprecedented
positional accuracy to make several definitive measure-
ments of fundamental structural and dynamical parame-
ters of the Milky Way (hereafter the “Galaxy”).

Because the rotation speed for stars is a function of the
mass interior to the orbit, the rotation curve of a galaxy is
a key method to determine its total mass and its mass dis-
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tribution. The relationship between measured rotational
velocity and brightness/mass in other galaxies, known as
the Tully-Fisher relation, is well determined using radio
astronomy. Ironically, the measurement of the rotation
of the Galaxy is much more difficult for a variety of rea-
sons, but primarily because our perspective from within
the Galactic disk complicates matters considerably. First,
we can no longer measure the net flow of all material,
as in an external galaxy, but must instead find an ap-
propriate type of object, a “tracer”, thought to be most
characteristic of Keplerian motion. Secondly, radii no
longer trivially scale by an angular distance separation
from the galactic center, but now requires us to under-
stand the much more difficult absolute distance scale. We
still do not even know the solar distance to the Galac-
tic center to better than twenty percent. Also, the rota-
tion speed cannot necessarily be obtained by measuring
a peak Doppler velocity as a function of position, as in
the Tully-Fisher measures of external galaxies. Interior
to the Suns orbit, radio astronomers can apply the “maxi-
mum velocity” tangent point method. The rotation curve
is determined by measuring the peak Doppler (or radial)
velocity of H I, neutral Hydrogen, in a given direction in-
terior to the Sun’s orbit as most of the rotational velocity
is in the line of sight. This is done because the distance
cannot be directly found for gaseous tracers, like H I.

From our viewpoint in the Galaxy, outside the solar
orbit V,,; is almost entirely a tangential velocity (not ra-
dial) that is much harder to measure. Therefore, V,,; must
be determined by the measurement of both radial veloc-
ities (RV) and proper motions, velocities perpendicular
to the line of sight. This requires that space-based preci-
sion proper motions need to be measured. Thus, the mass
of the Galaxy has been a matter of debate for over a cen-
tury. Without detailed knowledge of the Galactic rotation
curve, it is difficult to tie the wealth of detailed chemody-
namical data we have for the Galaxy to the global dynam-
ics established for external galaxies. This project aims to
breakthrough each of these traditional problems faced in
measurement of the Galactic rotation curve.

Past analyses of Galactic rotation curve studies have
various tracers, including H II regions (Fich et al. 1989),
Cepheid variable stars (Pont et al. 1994), and Asymptotic
Giant Branch (AGB) stars and planetary nebulae (Ama-
ral et al. 1996), but each have shortcomings. For exam-
ple, gaseous tracers (planetary nebulae and H II regions)
have an inherent distance scale uncertainty; AGB stars
are difficult to obtain accurate photometric distances for



in isolation, while pulsational variability complicates RV
determination for Cepheids. Star clusters offer many ad-
vantages over these other tracers as compared to an iso-
lated field star at the same location in the Galaxy, because
the distance, metallicity, age, and kinematics of a cluster
are much easier to establish. The 3-D kinematics of indi-
vidual stars or clusters requires both proper motions and
RVs, but the ability to average over an ensemble of clus-
ter members lowers the required per star precision for the
same result.

This project will derive the orbits of over 100 Galac-
tic open clusters through use of multi-fiber spectroscopy.
These data are combined with the space-based Hippar-
cos and Tycho-2 proper motion catalogs (Dias et al.
2001,2002a). There have been three large surveys to de-
termine bulk Galactic cluster proper motions as the aver-
age of the proper motion of presumed cluster stars, which
have resulted in published motions for 290 total open
clusters. However, a comparison of the derived motions
for 101 clusters in common between the surveys reveals
some discrepancy. Given the per star precisions of these
catalogs, it is almost certainly the case that discrepan-
cies compared to other work are the result of problems
with identifying true cluster members, and not necessar-
ily with the integrity of the astrometry itself. To address
this problem, we have undertaken a survey to obtain pre-
cision radial velocities (RVs) to verify cluster member-
ship for the stars used to define the cluster proper mo-
tions. The resulting very precise mean RV of each clus-
ter, when combined with the corrected proper motions,
allows us to determine the orbits of these clusters. Addi-
tionally, in the future, our radial velocities will be com-
bined with the proper motions from SIM PlanetQuest to
yield orbits of outer Galactic clusters hundreds of times
better than the current project, that will be used as dy-
namical probes of the Galaxy’s gravitation potential. Our
survey consists of clusters selected in the range of 0.3 to
3.0 kiloparsecs (kpc) from the Sun.

Observations and Data Reduction

CTIO Data

Spectroscopic data were obtained using the Hydra mul-
tiobject spectrograph on the Blanco 4-m telescope at
Cerro Tololo Inter-American Observatory (CTIO). Ta-
ble 1 lists the clusters observed and some of their basic
properties. Data at CTIO were taken using the Hydra
multiobject spectrograph and a 2048 x 4096 pixel CCD
(SITe400mm) on the nights of 2002 March 8-12, 2003
March 16-21, 2003 July 20-23, and 2003 August 2—8
(Runs 1,2,3, and 4). The data were taken using the 380
grating and the 100um slit plate, yielding a dispersion
of 0.68 A per resolution element and covering the spec-
tral range 7740-8740 A. Typically signal-to-noise ratio
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Fig. 1.— Kernel output from 1-D RV space (V,) for M67.
(a) kernel smoothed image of all stars used in the analysis. (b)
kernel smoothed image for stars not selected to be with cluster
radius (Dias et al. 2002b). (c) Subtraction of (a) —(c) (d) 1-
D Gaussian fit to (c¢). The “cluster” fit distribution is used to
determine P) .

(S/N) of typically 10 or better were observed. Approxi-
mately 10-100 of the 133 available fibers were used to
observe cluster proper motion member candidates; In
fields with less than 50 proper motion member candi-
dates, additional stars in the fields of view were targeted
selected from the UNSO A2.0 catalog to search for ad-
ditional clusters members at fainter magnitudes than the
~ 13.5 magnitude limit of the TYCHO2 survey. Any re-
maining fibers were used for sky observations. To aid the
RV calibration, multiple (6 to 13) RV standards were ob-
served each run, where each “observation” of an RV stan-
dard entails sending the light down 7—12 different fibers,
yielding many dozen individual spectra of RV standards.

WIYN Data

Spectroscopic data were obtained using the Hydra mul-
tiobject spectrograph on the 3.5-m WIYN telescope at
Kitt Peak National Observatory (KPNO). Table 1 lists the
clusters observed and some of their basic properties (Run
5). Data were taken using the Hydra multiobject spectro-
graph and a 2048 x 2048 pixel CCD (Red Bench Cam-
era) on the nights of 2003 September 14-18. The data
were taken using the echelle (316@63.4) grating in 6th
order, yielding a dispersion of 0.66 A per resolution ele-
ment and covering the spectral range 8220-8800 A. Typ-
ically signal-to-noise ratio (S/N) of typically 10 or better
were observed. Approximately 10—100 of the 133 avail-
able fibers were used to observe cluster proper motion



member candidates; In fields with less than 40 proper
motion member candidates, additional stars in the fields
of view were targeted selected from the UNSO A2.0 cat-
alogue to search for additional clusters members, with re-
maining fibers used for sky observations. For RV calibra-
tion, multiple RV standards were observed, where each
“observation” of an RV standard entails sending the light
down 2-5 different fibers.

Basic Reduction

After basic processing the data were run though the
IRAF routine dohydra to a wavelength calibrated 1-D
spectrum.. The script is used to perform a number of
tasks. First, the spectra are transformed from a 2-D im-
age to a 1-D spectrum by fitting a polynomial to trace
of the spectrum. The spectra are extracted and cali-
brated to a comparison lamp spectrum. Exposures of
a hollow cathode lamp combined with He, Ne, Ar, and
Xe lamps taken at each pointing provide a comparison
spectrum yielding at least 11 emission lines roughly
evenly distributed over the wavelength range of 8000—
8680 A, which is the range used for RV measurements
in §4.2. This comparison spectrum is then used to pro-
vide a wavelength solution for each object spectrum. The
spectrum is then dispersion corrected, which results in
a resampling of the data and sky subtracts the data and
standard star spectra interactively by using the IRAF all
of the extracted spectra have the same end points and
number of resulting pixels so that all of the spectra are
sampled the same for input for the radial velocity deter-
mination program described below.

Radial Velocity Determination

Several strategies are employed to improve upon stan-
dard radial velocity techniques and achieve a veloc-
ity precision better than 1/20 of a resolution element.
The reduction to radial velocities employed essentially
the classical cross-correlation methodology of Tonry &
Davis (1979). Reliable kinematical information is con-
tained only in the slopes of unblended absorption fea-
tures that are known to be present in the range of spectral
types observed. Therefore, the template input to the
correlator is prepared from a high signal-to-noise (S/N)
master from which the continuum is eliminated with
a zero phase-shift, high pass filter shaped to minimize
sideband “ringing”. After filtering, the resulting spec-
trum is multiplied by a mask that is zero everywhere
except at a set of rest frame wavelengths of low ioniza-
tion or low excitation transitions of elements observed
in moderately metal deficient stars; these lines are taken
from stellar atmospheric abundance studies of the antic-
ipated candidate spectral types, with each feature passed
through a Gaussian profile of unit amplitude and roughly
1.2 times the spectrometer instrumental profile (about
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0.75 A). This mask is wavelength-shifted to match the
Doppler velocity of the master; a visual check for side-
band symmetry assures that no residual bias remains.
The low frequency portion of the spectrum is discarded,
leaving a working template with a mean of zero. The
target data stream is similarly high-pass filtered. This
approach provides an additional major advantage to our
kinematic endeavor. Since the output of the correlator
is affected only by the strength of the selected spectral
feature compared to that in the master, the line list used
may be tailored to respond well to a fairly broad range of
stellar temperature, gravity, and abundance levels. With
spurious or unknown features eliminated by the list se-
lection, we can abandon the requirement that a template
match as closely as possible the spectrum of the unknown
candidate.

Radial Velocity Error Analysis

All radial velocities were derived using IRAF’s FXCOR
package, which was first used to determine RVs for the
standard stars. The RVs of standard stars were measured
by cross-correlating each standard star spectrum against
every other Fourier-filtered standard star spectrum. The
resulting RVs for each individual spectra were averaged
and the standard deviation measured; the results are pre-
sented in Table 5. Average velocity uncertainties for the
individual Hydra standard spectrum are G, ~ 1 km s~!
for standard star spectra with /N > 30. Further infor-
mation about the data reduction and RV analysis are de-
scribed in detail in Frinchaboy & Majewski (2006).

We determined our RV errors from a prescription de-
scribed in Vogt et al. (1995), which is based on the anal-
ysis of repeated standard stars spectrum taken through
multiple fibers. The Tonry—Davis Ratio (Tonry & Davis
1979, TDR) for each spectrum, measured from FXCOR,
scales approximately with S/N, which allows us to deter-
mine the radial velocity error using the following equa-
tion:

%
(1+TDR)
where ot is a constant calibrated by the standard star data,
as described in Frinchaboy & Majewski (2006).

The heliocentric RV (V,) measurements for cluster tar-
get stars with a TDR greater than 5 (S/N > 3), yield RVs
with errors of 0.5-5 km s L.

Error V, =

(D

Membership Determination and Measurement
of Cluster Bulk Kinematical Parameters

One of the most complicated problems with working
on open clusters is the contamination problems associ-
ated with being found within the Galactic plane. To de-
termine the bulk motion of clusters one must first isolate
cluster members for the dominant field population. To
accomplish this we have modified a technique to do just
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Fig. 2.— Kernel output from 1-D RV space (V) for M67.

(a) Kernel smoothed image of all stars used in the analysis.

(b) Kernel smoothed image for stars not selected to be with
cluster radius (Dias et al. 2002b). (¢) Subtraction of (a)—(c).
(d) 1-D Gaussian fit to (c). The “cluster” fit distribution is used
to determine P! .

that. The star’s proper motion, RV and spacial distribu-
tion are used as inputs for a kernel based technique de-
scribed below, which allows the cluster bulk motion to
be determined from stars with high membership proba-
bilities.

Non-Parametric Frequency Function

The membership probability of star was determined
by fitted a Gaussian distribution function to the data.
The best fit Gaussian in RV, had a full width half max
(FWHM) of 3 km s~!, as open clusters are known to
have intrinsic velocity dispersions of less than 1 km s~!
the width of the distribution was fitted to the worst cases
of the measured errors in the analyzed stars. We have
chosen to use a empirical non-parametric technique to
determine cluster membership. The technique is modi-
fied from that described in Galadi-Enriquez et al. (1998),
which incorporates a kernel estimator technique (Hand
1982) to measure the phase space distribution. The two
dimensional kernel function K(a,b) (or 1-D K(c)) is
used to Gaussian smooth the data over the parameter
space following the Galadi-Enriquez et al. (1998) for-
mulation. The phase-space smoothing is accomplished
by using the normalized kernel function in 2-D:

/:o/:K(a,b)dadb: 1, )

This technique is fully described in Frinchaboy & Ma-
jewski (2006).

The bulk motion of the cluster was measured in the
three dimensions. Member stars were used to measure
an error weighted mean values for each of the RV and
u measures of the clusters. The method used is shown
below to produce the RV error weighted mean and the
resulting net error in this determination. The cluster bulk
RV is calculated using cluster members using:
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Fig. 3.— Kernel output from 2-D u space (tg,coq(5)-45) for
M67. (a) kernel smoothed image of all stars used in the analy-
sis. (b) kernel smoothed image for stars not selected to be RV
members (see Figure 1; PCV < 0.5). (c¢) Subtraction of (a)—(c)
(d) 2-D Gaussian fit to (¢). The “cluster” fit distribution is used
to determine PX.
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The cluster bulk u are calculated as above using the
following equation.
n ( Hi,ocos(8) )
i=1\ a2
LHoucos(8)
®)

Hoicos(8) =
n | 1
j— 2
l ci‘r'“(xcos(S)

The resulting kernel output for NGC 2682 (M67) is
presented in Figures 1 & 2. The full resulting cluster
bulk motions are used to investigate the rotation curve of
the Galaxy. Full data for this 83 cluster sample is beyond
the scope and page limit of this paper and will presented
in a future Astrophysical Journal Supplement series con-
tribution (Frinchaboy, in preparation).

The Galactic Rotation Curve

For this preliminary analysis of the data, we have fit
the data to determine the local Galactic rotation curve
(®(R)). We have used two different methods to deter-
mine @(R) from the present data, one using only RVs for
55 clusters outside of +30° from / = 0° and 180° and an
assumption of circular orbits (Brand & Blitz 1993, Eq.
6), and the other using the full space motions of the clus-
ters (Frink et al. 1996, Eq. 7).

Orv = R ( Visr ) + QR ©)

Rosinlcosb

®3p = QR+ (U — QoY) sin (tan~' (X /Y))

+(V —QoX)cos (tan™ ' (X /Y)) (7

where Qop = ®y/Rp and X and Y are the Galactic Carte-
sian coordinates in the left-handed system, and U and V
are the projected velocities along the X and Y directions.

Both methods require an assumed ®y and Rjy, which
we vary. The results of the two methods were then com-
pared to determine at what ®y and Ry the ®(R) trends
are consistent. This comparison on the parameter space
is shown in Fig. 5. We fit the resulting rotation curves
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Fig. 4.— RIGHT: (6) RIGHT: Plot of the best case solution
(Ry, ®g) = (8.5,180). (a) Shown are the rotation curve for ®3p
and best fits (black: ®3p all clusters fit, red: ®3p binned fit,
blue: binned ( ®3p + Ory) combined. (b) Rotation curve for
®ry note the difference in the error bars. SIM PlanetQuest will
allow (a) to have error bars of the size shown in (b). (c—) Also
shown are the |Z| distribution and |W| velocities (perpendicular
to the Galactic plane) and age distribution of the cluster sample.
Left panels show northern clusters (0° </ < 180°; green), and
southern clusters (180° < [ < 360°; magenta). Right panels
colored by age (blue < 200 Myr, red > 200 Myr). Note: the
four oldest clusters are not shown in age plot.

which gave closest consistency between the two methods
(Ro,®¢) = (8.5,180) and (8.5,200.0), which are shown
in Table 1, using the following geometric function:

0] R\
(®0) =daj (RO> +a3 (8)

We find that the Galactic rotation curve is flat or slight
declining over (—2 < R — Ry < 2 kpc) and the LSR is
slower that previous estimates ( ®y = 170-200 km s7h.

While the current method works in the solar neighbor-
hood (distance < 2.5 kpc), the PM data are only good to
~2 mas yr~'. SIM PlanetQuest will give 500 times bet-
ter PM precision (i.e., note the present error bars on clus-
ter motions when PMs are added to the rotation curve
analysis; Fig. 4a). As a result of the much improved
precision (4 pas yr—! compared to 2 mas yr—! errors),
SIM PlanetQuest can also provide a much larger sam-
ple of clusters by probing transverse velocities to larger
distances. This increased distance sensitivity will allow
the expansion of the available Galactic radii to approxi-
mately (—6 < R — Ro < 12 kpc).
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Fig. 5.— Plots of the rotation curve using the RV only method
(®ry, shown in red) versus the method using the full space mo-
tion (®3p, shown in blue) for a grid of assumed Ry and ®g. The
parameter space explored here is Ry = (7.5,8.0,8.5,9.0,9.5)
kpc and @ = (180,200,220) km s~ !

Future Work

Future work on this project is to extend the analysis
to the complete cluster sample. More than 100 clusters
have been observed, listed in Table 2. These clusters will
be used to not only measure their orbits, but, once the en-
semble is complete, to test the Galactic model used in the
orbit integration and thereby the mass and mass distribu-
tion of the Galactic disk and the GASS. Additionally, the
Galacitc velocity field (deviations from circular roation)
and the metallicity distrubution with Galactic radius will
be explored in completion of my thesis.
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Table 1: Rotation Curve Fitting

# Slope  Oq(fit)
Selection ¢l ai ap az (km/s/kpe) (km/s)
(Ro,80) = (8.5,200)
All 3D) 83 0.669 —0.534 0.282 -84 190
All (RV) 55 0490 +40.290 0485 433 194
Bin (3D) 83 0488 —0.387 0477 —44 193
Bin(RV) 55 0539 +0.318 0434 +4.0 195
(Ro,60) = (8.5,180)
All (3D) 83 0.762 —-0.524 0.183 -85 170
All (RV) 55 0487 +0.098 0485 +1.0 175
Bin (3D) 83 0446 —0456 0514 —43 173
Bin(RV) 55 0519 +0.114 0453 +1.3 175
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Table 2: Cluster Basic Parameters

Cluster 02000.0 32000.0 1(°) b(°) d(pc) Log(Age) Diam(’) Run
NGC 129 00:30:00 +60:13:06 120.2701875 +1.4566728 1625 7.886 19 5
NGC 381 01:08:19 +61:35:00 294.3672154 +0.1870996 1148 8.505 6 5
NGC 457 01:19:35  +58:17:12  303.2056582 +0.2577355 2429 7.324 20 5
NGC 884 02:22:18 +57:08:12  141.2419556 —10.6452144 2345 7.032 18 5
NGC 957 02:33:21  +57:33:36  124.6487468 —13.4947336 1815 7.042 10 5
NGC 1513 04:09:57  +49:30:54  152.5898292 —1.5743179 1320 8.110 10 5
NGC 1528 04:15:23  +51:12:54  152.0568175 +0.2577355 776 8.568 16 5
Berkeley 11 04:20:36  +44:55:00 157.0814634 —3.6422252 2881 7.719 5 5
Berkeley 68 04:44:30  +42:04:00 162.1250204 —2.4076359 1678 8.391 12 5
NGC 1662 04:48:27 +10:56:12  187.6949501 —21.1142877 437 8.625 20 4
Berkeley 69 05:24:36 +32:39:00 174.4350179 —1.7867998 2860 8.950 3 5
Stock 8 05:27:36  +34:25:00 173.3194474 —0.2808586 1821 7.056 14 5
NGC 1960 05:36:18  +34:08:24  174.5344941 +1.0720022 1318 7.468 10 5
NGC 2099 05:52:18  +32:33:12  177.6353945 +3.0913643 1383 8.540 14 5
IC 2157 06:05:00 +24:00:00 186.4493104 +1.2519104 2040 7.800 5 5
Kharchenko 1~ 06:08:48  +24:19:54 186.5813745 +2.1705074 2520 0.000 7 5
NGC 2215 06:20:49 —07:17:00 215.9932108 —10.1024864 1293 8.369 7 2
Trumpler 5 06:36:42  +09:26:00 202.8646390 +1.0495276 3000 9.610 14 2
Collinder 110 06:38:24  +02:01:00  209.6491787 —1.9785548 1950 9.150 18 2
NGC 2264 06:40:58 +09:53:42  202.9357453 +2.1957346 667 6.954 39 1
NGC 2264(2) 06:40:58 +09:53:42  202.9357453 +2.1957346 667 6.954 39 2
NGC 2301 06:51:45 +00:27:36  212.5580952 +0.2791851 872 8.216 14 1
Berkeley 31 06:57:36  +08:16:00 206.2535550 +5.1198468 8272 9.313 5 2
NGC 2323 07:02:42  —08:23:00 221.6722021 —1.3311529 929 8.096 14 1
NGC 2354 07:14:10 —25:41:24  238.3683863 —6.7918076 4085 8.126 18 2
NGC 2353 07:14:30 —10:16:00 224.6853596 +0.3841506 1119 7.974 18 2
NGC 2374 07:23:56 —13:15:48 228.4146123 +1.0197776 1468 8.463 12 2
NGC 2423 07:37:06  —13:52:18 230.4835265 +3.5368466 766 8.867 12 2
NGC 2432 07:40:53 —19:04:36  235.4711964 +1.7782699 1905 8.800 6 1
NGC 2437 07:41:46  —14:48:36  231.8575777 +4.0644182 1375 8.390 20 2
NGC 2447 07:44:30 —23:51:24  240.0386236 +0.1345904 1037 8.588 10 2
NGC 2482 07:55:12  —24:15:30 241.6257467 +2.0345339 1343 8.604 10 1
NGC 2516 07:58:04 —60:45:12 273.8157504 —15.8558232 409 8.052 30 2
Haffner 21 08:01:09 —27:13:00 244.8500235 +1.6330592 2951 7.920 3 2
NGC 2527 08:04:58 —28:08:48 246.0873551 +1.8549763 601 8.649 10 2
NGC 2547 08:10:09 —49:12:54 264.4648854 —8.5974718 455 7.557 25 2
NGC 2539 08:10:37 —12:49:06 233.7053073 +11.1115046 1363 8.570 9 2
NGC 2546 08:12:15 —37:35:42  254.8551458 —1.9859258 919 7.874 70 1
NGC 2548 08:13:43  —05:45:00 227.8724676 +15.3928979 769 8.557 30 1
NGC 2567 08:18:32  —30:38:24  249.7950846 +2.9609760 1677 8.469 7 2
NGC 2579 08:20:52  —36:13:00 254.6741409 +0.2126247 1033 7.610 7 2
IC 2395 08:42:30  —48:09:00 266.6654791 —3.6144669 705 7.223 17 1
NGC 2670 08:45:30 —48:48:00 262.1476866 +0.7868650 1188 7.690 7 2
NGC 2669 08:46:22  —52:56:54  267.4854004 —3.6250419 1046 7.927 20 2
Trumpler 10 08:47:54 —42:27:00 262.7906250 +0.6740149 424 7.542 29 1
Collinder 205  09:00:32  —48:59:00 269.2091823 —1.8434708 1853 7.200 5 2
IC 2488 09:27:38 —57:00:00 277.8298005 —4.4192218 1134 8.113 18 1
Ruprecht 78 09:29:10  —53:42:00 275.7057596 —1.8814618 1641 7.987 3 2
NGC 2925 09:33:11  —53:23:54 274.6855749 +1.7570195 774 7.850 10 1
NGC 3228 10:21:22  —51:43:42  284.5638453 —0.3403225 544 7.932 5 1
IC 2581 10:27:29  —57:37:00 284.5879517 +0.0350265 2446 7.142 5 2
Trumpler 18 11:11:28  —60:40:00 290.9864152 —0.1346385 1358 7.194 5 2
NGC 3680 11:25:38 —43:14:36  124.9390350 —1.2226197 938 9.077 5 2
Ruprecht 98 11:58:40 —64:35:00 297.3059725 —2.2895622 494 8.508 14 1
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Table 2: Cluster Basic Parameters (cont.)

Cluster 02000.0 82000.0 1(°) b(°) d(pc) Log(Age) Diam() Run
Collinder 258  12:27:10 —60:46:00 299.9710726 +1.9654738 1184 8.032 5 1,2
NGC 5138 13:27:16 —59:02:00 307.7315236 +1.5616040 1986 7.986 7 2
Collinder 272 13:30:26 —61:19:00 307.5946828 +1.2015495 2045 7.227 10 2
NGC 5168 13:31:06 —60:56:24 309.1610046 —0.7137701 1777 8.001 4 2
NGC 5281 13:46:35 —62:55:00 309.0102495 —2.4915630 1108 7.146 7 2
NGC 5316 13:53:57 —61:52:06 311.6017200 +2.1144275 1215 8.202 14 2
Lynga 1 14:00:02 —62:09:00 310.8493823 —0.3373341 2283 8.007 3 2
NGC 5460 14:07:27 —48:20:36 316.3148289 +5.6067952 678 8.207 35 2
Lynga 2 14:24:35 —61:20:00 313.8642411 —0.4544184 1000 8.122 10 1
NGC 5617 14:29:44  —60:42:42 317.5264790 +2.0851683 1533 7915 10 2
NGC 5662 14:35:37 —56:37:06 319.5288809 +4.5444922 666 7.968 29 1
NGC 5822 15:04:21 —54:23:48  324.3610672 +1.7201173 917 8.821 35 2
NGC 5823 15:05:30 —55:36:12 343.8165462 +19.8092470 1192 8.900 12 2
NGC 6031 16:07:35 —54:00:54 327.7257970 —5.4256670 1823 8.069 3 2
NGC 6067 16:13:11 —54:13:06 127.7404304 +2.0870193 1417 8.076 14 2
Harvard 10 16:18:48 —54:56:00 329.8356060 —3.2844232 1312 8.340 25 2
NGC 6124 16:25:20 —40:39:12 332.9179191 —3.1668043 512 8.147 39 1
NGC 6134 16:27:46  —49:09:06 335.2223160 —1.4272554 913 8.968 6 2
Ruprecht 119 16:28:15 —51:30:00 333.2758867 —1.8794014 956 6.853 8 1
NGC 6250 16:57:56  —45:56:12  341.9974370 —1.5166316 865 7.415 10 4
NGC 6259 17:00:45 —44:39:18 347.7305997 +1.9724630 1031 8.336 14 2
NGC 6281 17:04:41 —37:59:06 345.2791073 —3.0564946 479 8.497 8 2
NGC 6405 17:40:20 —32:15:12 356.9316398 —1.5491939 487 7.974 20 2
NGC 6416 17:44:19 —32:21:42  357.9402656 —1.6054677 741 8.087 14 2
NGC 6451 17:50:41 —30:12:36 6.5926834 —1.9594427 2080 8.134 7 2
NGC 6520 18:03:24  —27:53:18 355.7071381 —7.2997479 1577 7.724 5 4
NCG 6603 18:18:26  —18:24:24 15.8996436 +0.3505904 3600 8.300 6 2,3
1C 4756 18:39:00 +05:27:00 36.3807704 +5.2422154 484 8.699 39 4
NGC 6705 18:51:05 —06:16:12 15.3951139 —9.5927470 1877 8.302 13 4
NGC 6709 18:51:18 +10:19:06 42.8273977 +3.5653006 1075 8.178 14 3
NGC 6755 19:07:49  +04:16:00 39.9758453 —3.0034104 1421 7.719 14 4
NGC 6791 19:20:53 +37:46:18 40.0686817 —6.1221585 5853 9.643 10 5
NGC 6811 19:37:17 +46:23:18 73.9778116 8.4808440 1215 8.799 14 5
NGC 6834 19:52:12  +29:24:30 56.1143697 —5.1517479 2067 7.883 5 4
Roslund 3 19:58:42  +20:29:00 58.8105335 —4.6818307 1467 8.036 5 4
NGC 6866 20:03:55 +44:09:30 60.3897626 —6.0501422 1450 8.576 14 5
Roslund 4 20:04:54  +29:13:00 66.9839516 —1.2703113 2510 7.447 5 5
NGC 6871 20:05:59  +35:46:36 74.8979402 3.1181663 1574 6.958 29 5
Roslund 5 20:10:00  +33:46:00 71.4003205 +0.2729131 389 7.832 50 4
NGC 6885 20:11:58  +26:29:00 66.1352711 —6.3113024 597 9.160 10 4
1C 4996 20:16:30  +37:38:00 75.3533285 +1.3063273 1732 6.948 6 5
Berkeley 86 20:20:24  +38:42:00 76.6667475 +1.2725010 1112 7.116 6 5
NGC 6913 20:23:57  +38:30:30 95.9028469  +12.3043487 1148 7.111 10 5
NGC 7082 21:29:17 +47:07:36 94.4066042 +0.2199140 1442 8.233 25 5
Platais 1 21:30:02  +48:58:36 92.5613467 —1.6461398 1268 8.244 10 5
NGC 7209 22:05:07 +46:29:00 102.7010840 +0.7820237 1168 8.617 14 5
NGC 7654 23:24:48 +61:35:36  117.2878460  +10.8044002 1421 7.764 15 5

NOTES: Run 1: CTIO — Mar 2002, Run 2: CTIO — Mar 2003, Run 3: CTIO — Jul 2003, Run 4: CTIO — Aug 2003

Run 5: WIYN - Sep 2003,
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